Abstract
Introduction
Tuberculosis (TB) is an ancient, contagious airborne disease that has been in existence for centuries; currently, the disease is still an alarming global health issue. In 2014, the World Health Organization (WHO) reported 9.6 million incident cases of TB. Not surprisingly, TB mortality remains one of the leading causes of death worldwide, with the estimated mortality of 1.5 million per year [1] . In Taiwan, TB is not uncommon and generates a moderate healthcare burden. The Taiwan Centers for Disease Control reported 11,528 cases of TB (49.4 cases per 100,000 populations) and 609 TB-related deaths in 2013 [2] .
Rheumatoid arthritis (RA) is a well-established risk factor for TB [3] [4] [5] [6] [7] [8] . In Taiwan, the risk of TB development was 2.28-fold higher in RA patients than in the general population [8] . Tumor necrosis factor (TNF) plays a key role in the immunity against TB [9] . In recent years, the use of a TNF inhibitor (TNFi) in RA patients further increased the TB risk [7, [10] [11] [12] . Furthermore, prior studies have shown that monoclonal antibodies to TNF, such as infliximab (IFX) and adalimumab (ADA), may drive higher TB risk than TNF receptor blockers such as etanercept (ETN) [10, 13] .
The Bureau of National Health Insurance in Taiwan approved the first TNFi ETN for RA patients with inadequate response to traditional disease-modifying anti-rheumatic drugs (DMARDs) in 2003, followed by ADA in April 2007 and golimumab in 2012. IFX and certolizumab were not available in Taiwan. During 2006 -2008 , the risk of TB was 4.87-fold higher among TNFi users than among non-TNFi users in Taiwan [11] . Therefore, in 2011, the Taiwan Rheumatology Association (TRA) established a Biologics TB Safety Management Working Group [14] . In 2011, this Working Group published a preliminary recommendation for screening of latent TB infection (LTBI) and prophylactic/therapeutic strategies for rheumatic patients who are scheduled for biologics therapy [15] . Since then, more and more rheumatologists began screening LTBI using the tuberculin skin test and quantiferon blood test and administered isoniazid (INH) prophylaxis for screening-positive cases before TNFi use. In April 2012, the Food and Drug Administration (FDA) in Taiwan announced the Risk Management Plan (RMP) for patients scheduled to receive TNFi therapy [16] . In July 2012, the TRA Biologics TB Safety Working Group published a consensus on recommendations for screening and management of TB infection in patients scheduled for TNFi therapy [14] .
We had previously found a biphasic emergence of active TB infection in TNFi users [17] . The early development was due to reactivation of LTBI, while the late emergence was more likely to result from new TB exposure [17] . We hypothesized that screening and treatment of LTBI might reduce the risk of early TB development in users of TNFi, with a greater effect for the TNF monoclonal antibody ADA than the TNF receptor blocker ETN. To our knowledge, the drug-specific 1-year TB risk in patients with RA starting TNFi therapy has never been investigated in Taiwan as well as in other countries. Therefore, the aim of this study was to compare the 1-year TB risk between biologic-naive RA patients initiating ETN or ADA therapy from 2008 to 2012 and RA patients who never received biologic treatment during 2003-2013.
Methods

Ethics statement
This study was conducted in concordance with the Declaration of Helsinki and was approved by the Institutional Review Board (IRB) of Taichung Veterans General Hospital Taiwan (IRB number: CE14149). All personal details traced were anonymized before analysis; hence, informed consent was not obtained.
Study design and data source
This study was a retrospective cohort study using the 2003-2013 claim data from the National Health Insurance Research Database (NHIRD) of Taiwan. Single-payer National Health Insurance (NHI) is a mandatory program launched in 1995, which currently covers 99.9% of the Taiwanese comprising 23 million people [18] . The National Health Research Institute managed the NHIRD and released the database for research purpose.
Study population
We identified all patients with at least three ambulatory visits or one hospital admission with a diagnosis of RA For each TNFi user, we randomly selected 6 matched controls from the non-TNFi group using the propensity score matching technique to comprise baseline differences between the TNFi group and the non-TNFi control group. The propensity score was estimated from a multivariable logistic regression medel. We included age, sex, and the year of the index date in the model.
Index date
The drug index date was the first date of ETN or ADA prescription in the TNFi group and the date of the first non-biologic RA-related medicine prescription in non-TNFi controls. We excluded those who had TB diagnosis [ICD-9-CM (010-018)] within 6 months before the index date.
Outcome analysis and follow-up
The outcome of this study was the time from the drug index date to the occurrence of TB infection within one year after the drug index date. The censored date was the date of withdrawal from the NHI for any reason within 1 year after the drug index date, 90 days after the last date of drug prescription (ETN or ADA in the study group and non-biologic medication in controls) within 1 year, or 365 days after the drug index date, whichever came first.
Definition of TB occurrence
TB was identified using ICD-9-CM (010-018) and the prescription of at least two anti-TB drugs within six months of the diagnosis. Anti-TB drug prescriptions included INH, ethambutol, rifampin, pyrazinamide, prothionamide, streptomycin, kanamycin, amikacin, levofloxacin, ofloxacin, moxifloxacin, ciprofloxacin, clarithromycin, and thioridazine. A previous study has validated this method [19] .
Covariates
Other potentially confounding covariates included age ( 65 years, >65 years), gender, disease duration, comorbidities, history of TB, INH prophylaxis, and concomitant medications. Disease duration was defined as the time from the first date of RA diagnosis to the drug index date. Comorbidities were identified using ICD-9-CM codes (Table A in S1 Table) within six months before and after the index date [20] . Except for the periodontitis, these comorbidities need to appear in at least three outpatient clinic visits separately or during any of the hospital admission. Periodontitis was defined as having at least one dental visit with concurrent periodontal treatment other than dental scaling or at least three dental visits with concurrent dental scaling [21] . INH prophylaxis was defined as the prescription of INH but no other anti-TB antibiotics within one month before the index date and within nine months after the index date. Concomitant medications included MTX, SSZ, LEF, HCQ, CSA, AZA, CS, and NSAIDs.
Statistical analysis
The baseline demographic data were presented as a mean ± standard deviation for continuous variables and as a percentage of patients for categorical variables. The differences were analyzed using Student's t-test for continuous variables and Pearson's χ 2 test for categorical variables. The 1-year TB risk of TNFi users compared with controls was shown as incidence rate ratios (IRRs) and adjusted hazard ratios (aHRs) using Cox regression analysis after adjusting for potential confounders, including age, sex, disease duration, history of TB, comorbidities, and concomitant medications, further stratified by the year of treatment initiation. All data were analyzed using statistical software version 9.3 (SAS Institute, Inc., Cary, NC, USA). A P value <0.05 was considered statistically significant.
Results
This study identified a total of 51,576 RA patients, including 5,638 TNFi users and 45,938 controls. Table B in S1 Table reveals baseline demographic and clinical data among the two groups. Then, we used propensity score matching (1:6) for age, sex, and the year of the drug index date to re-select 5,349 TNFi users and 32,094 controls. Table 1 shows the comparison of baseline demographic and clinical data among the two re-selected groups. The proportions of patients with coronary artery disease, cerebrovascular disease, malignancy, hyperlipidemia, or hypertension were higher in controls than in TNFi users. On the other hand, the percentages of patients with concomitant use of MTX, SSZ, LEF, HCQ, CSA, AZA, or CS were higher in TNFi users than in controls. Patients in the control group had shorter disease duration than that of TNFi users (0.2 ± 1.0 vs. 4.6 ± 2.7 years). The comparison of demographic and clinical characteristics between ETN users and ADA users is shown in Table C in S1 Table. Compared with ETN users, ADA users had longer disease duration and higher proportions of concurrent Table 3 Table D and Table E in S1 Table, respectively. The IRRs of TB in ETN users and ADA users compared with controls are shown in Fig 1. Among ADA users, the 1-year IRR of TB showed a trend of elevation from 2008 to 2010, followed by a trend of decline. However, ETN users showed the opposite trend.
After adjusting for potential confounders (Table 4) , TNFi users showed a higher risk of TB within one year after treatment initiation compared with non-TNFi controls (HR, 7.19; 95% CI, 4.18-12.34). Other risk factors included age, male gender, the presence of COPD, renal disease or malignancy within six months before and after the index date, and concomitant use of CS with !7.5 mg/day prednisolone equivalent dose. Compared with non-TNFi controls, the aHRs (95% CI) of 1-year TB risk for ETN and ADA users were 3.55 (1.85-6.82) and 12.85 (7.27-22.69), respectively. ADA users had a significantly higher risk of TB within one year than ETN users (aHR, 3.62; 95% CI, 2.17-6.03). The aHRs of TB occurrence within one year in ETN users and ADA users compared with non-TNFi controls are shown in Fig 2. As shown in Table 5 , the aHR of 1-year TB risk in TNFi users compared with non-TNFi controls peaked in 2011 but dropped in 2012. The aHR of 1-year TB risk in ETN users and ADA users compared with non-TNFi controls by year are shown in Table F in S1 Table.
Discussion
To our knowledge, this study is the first to estimate the 1-year TB infection risk in RA patients initiating TNFi therapy from 2008 to 2012. The decline of 1-year TB incidence rate since 2011 might be explained by the fact that the preliminary recommendation for LTBI screening and prophylactic/therapeutic strategies for RA patients scheduled to start TNFi treatment was published in 2011. After adjusting for potential confounders, the 1-year risk of TB infection in RA patients on TNFi therapy was 7.19-fold higher than that of non-TNFi controls during 2008-2012. This finding was consistent with previous studies demonstrating that TNFi-treated RA patients had an increased risk of TB compared with non-TNFi controls [11, 13, 22, 23] . In contrast to previous studies, this study focused on the 1-year TB risk because the reactivation of LTBI occurred most commonly within one year after TNFi initiation [24, 25] . The magnitude of 1-year TB relative risk (HR, 7.19) in TNFi users compared with non-TNFi controls was higher than that of the overall TB relative risk (HR, 4.87) estimated during 2006-2008 in Taiwan [11] . Because this study estimated only the early (1-year) risk of TB, this finding could be explained by an early emergence of TB infection in TNFi users due to reactivation of LTBI [17] . The aHR of TB infection within one year in TNFi users compared with controls peaked in 2011 (aHR, 26.42) and decreased in 2012 (aHR, 4.86) when the FDA in Taiwan announced the RMP for TB. The physicians' and patients' awareness of TNFi-related TB infection risk was believed to increase after the implementation of RMP for TB. Among ADA users, the decrease of HR from 2011 to 2012 was even more prominent (HR 58.38 in 2011 and 7.07 in 2012). This finding may be explained by the hypothesis that LTBI screening/treatment might confer a One-Year TB Risk in RA Patients Treated with TNF Inhibitor greater benefit for TNFi therapy that drives higher TB risk. The benefit of LTBI screening/ treatment strategy before TNFi therapy has been demonstrated in a study from BIOBADASER national registry, revealing less incidence of TB infection after implementation of the TB prevention strategy [26] . However, because the NHIRD lacked information on individual LTBI screening status, we cannot conclude that RMP implementation may help decrease TB risk based on the results of our study. Regarding the trends of 1-year TB risk in ADA users, the peak moved from 2010 in Fig 1 to 2011 in Fig 2. It is difficult to explain this finding, but adjustment for potential confounders may be one of the causes. After adjustment for all potential confounders, the 1-year TB risk was significantly higher in ADA users than in ETN users (aHR, 3.62; 95% CI: 2.17-6.03). This finding was comparable to the result of a meta-analysis of randomized controlled trials and registry/cohort studies [10] . The risk of TB infection in ETN users has been demonstrated to be lower than that in patients taking monoclonal antibodies to TNF [13, 23, 27] . However, the NHIRD lacks information on disease activity, which was another potential confounder and might be related to disease duration and immunosuppressive agent use. Given the difference in disease duration and immunosuppressive load between ADA users and ETN users and also between TNFi users and non-TNFi controls, we cannot exclude the possibility that the difference of 1-year TB risk was actually attributed to a difference in disease activity between the two groups.
Consistent with previous studies [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] , our study showed that older age, male gender, COPD, renal disease, and CS use with !7.5 mg/day prednisolone equivalent dose were also risk factors for TB infection.
The strength of this study is the utilization of a population-based cohort to minimize selection bias. However, some limitations must be addressed. First, the various TNFi agents studied . Furthermore, the non-differential misclassification bias about TB diagnosis in TNFi users and non-TNFi controls may lead to an underestimation of the degree of association between TNFi use and 1-year TB risk. Finally, confounding by indication is a bias frequently observed in an observation study and may generate biased results in this study.
In conclusion, the 1-year TB risk in RA patients starting TNFi therapy was significantly higher than that in non-TNFi controls. Such an increased risk seemed to decline after the establishment of RMP for TB in 2012, especially in ADA users. Other significant risk factors for 1-year TB infection included male gender, age, COPD, renal disease, and concomitant CS use with !7.5 mg/day prednisolone equivalent dose. Further study including RA patients initiating TNFi therapy after 2012 is warranted to confirm a consistent trend of decline in 1-year TB risk after the establishment of RMP for TB. 
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